Synthesis of PbSe nanocrystals
Chemicals. PbCl 2 (99.999%), oleic acid (OA, tech. grade, 90%), 1-octadecene (ODE, tech. grade, 90%), trioctylphosphine (TOP, tech. grade, 90%) were purchased from Alfa Aesar. Oleylamine (OLA, tech. grade, 70%), Diphenylphosphine (DPP, 95%), selenium powder (99.999%) were purchased from Aladdin. Tetrachloroethylene (TCE, ≥98.5%), hexane (≥97%), and acetone (≥99.5%) were purchased from Sinopharm Chemical Reagent. All the chemicals were used as received. TOPSe and DPPSe (selenium powder dissolved in TOP and DPP respectively) were used as the molecular precursors. DPPSe was made by heating the DPP and Se powder at 120 for 30 min.
The PbSe nanocrystals were synthesized via an adaptation of a reported approach developed by Zhang et al. [1] In a typical synthesis, OLA and 9 mmol of PbCl 2 were degassed under vacuum at 80 and heated to 140 under nitrogen, the temperature was maintained for 30 min until a white and turbid solution was obtained. Then the suspension was allowed to cool to 30 , 110 uL of 1M DPPSe diluted in 2 mL of ODE and 0.57 mL of 1M TOPSe were injected sequentially to the lead precursor solution at 30 . Next, the reaction solution was reheated to 160 and maintained at 160 for 15 min under vigorous stirring for the growth of the nanocrystals. After that, 1.14 mL of 1M TOPSe and 220 uL of DPP diluted in 2 mL of ODE were injected sequentially to the growth solution, and the solution was maintained at 160 for another 15 min. The crude solution containing PbSe nanocrystals was obtained.
Purification of PbSe nanocrystals.
The crude solution was quenched by a water bath, 20 mL of hexane and 20 mL of OA were added at 70 and 40 , respectively, followed by vigorous stirring for 10 min. The unreacted lead precursors and PbSe nanocrystals were precipitated from the raw solution by the first centrifugation, and the supernatant was discarded. Then 10 mL of tetrachloroethylene was added to the precipitates to disperse, after the second centrifugation, the supernatant contained PbSe nanocrystals and the precipitate was discarded. The supernatant was collected and precipitated by adding acetone.
After the third centrifugation, the supernatant was discarded and the precipitated PbSe nanocrystals were collected.
DFT calculations
Density functional theory (DFT) calculations were performed using the Vienna Ab-initio Simulation Package (VASP) [2] . The interactions between core ions and valence electrons were described by the projector augmented wave method (PAW). [3] The exchange correlation part was described with the spin-polarized generalized gradient approximations (GGA) in the scheme of Perdew, Burke, Ernzerhof (PBE). [4] An energy cutoff of 500 eV was used with Monkhorst k-points [5] sampling scheme 5×1×1 for geometry optimization, while a larger grid 9×1×1 was used for electronic structure computation. Conjugated gradient method was used to the geometry optimization, all of the atomic coordinates were fully relaxed until the maximal force on each atom was less than 0.02 eV/Å, and the convergence condition for energy was -4 eV. The diffusion pathway of dislocations and the corresponding energy barrier were optimized with nudged elastic band (NEB) method. [6] Figure S1. The formation energy and accumulated charge of Pb-Pb and Se-Se bonds. The determination of formation energies of Pb-Pb and Se-Se bonds are further conducted by first-principle calculations to rationalize the corresponding structural stability. The formation energy is defined as follows: E f = E final -E intial + n i µ i , where E final and E intial are total energies of the defective and ideal structures, respectively. n i and µ i are the number and chemical potential of the atoms added to (n i > 0) or take from (n i < 0) the ideal unit cell to create the defects. [7, 8] The chemical potentials of Pb 
